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METHODS FOR COPY-FREE DATA
MIGRATION ACROSS FILESYSTEMS AND
DEVICES THEREOFK

FIELD

This technology relates to managing data storage net-
works and more particularly to methods and devices for

migrating data across filesystems.

BACKGROUND

Storage nodes or servers in storage networks generally
store data across multiple data storage devices that together
comprise a data container, which is also referred to herein as
an aggregate. Storage nodes may employ various forms of
local data storage devices, such as hard disk drnives, solid
state drives, flash drives, or tape devices, as well as remote
data storage devices, such as cloud storage devices or
repositories for example.

Typically, the data storage devices host one or more data
stores or volumes within the aggregates, which are associ-
ated with filesystems that define an overall logical arrange-
ment of storage space 1n a storage network. Filesystems can
have various formats and addressing schemes including
block-based and extent-based addressing schemes that may
utilize different sized storage blocks. User data associated
with filesystems can be migrated to an upgraded version or
newer release of a same filesystem, or to a completely
different filesystem, which has different features and a
different data layout or format.

Currently, data migration across filesystems having dii-
ferent formats requires copying of all of the associated user
data, which has many disadvantages. Current data migra-
tions are disruptive and time-consuming, often resulting in
application time-outs, and require provisioning of additional
space to handle data and metadata during the migration. Due
to disruptive upgrades and large transition times, storage
network administrators are resistant to upgrading or transi-
tiomng filesystems, resulting in suboptimal utilization of
filesystems and associated storage networks and an inabaility
to take advantage of new features in new releases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a network environment with
exemplary data storage apparatuses each including a node
computing device;

FI1G. 2 1s a block diagram of an exemplary one of the node
computing devices shown in FIG. 1;

FIG. 3 1s a flowchart of an exemplary method for facili-
tating copy-free migration by a node computing device
hosting a source filesystem;

FIG. 4 15 a flowchart of an exemplary method for facili-
tating copy-iree migration by a node computing device
hosting a destination filesystem; and

FIG. 5 1s a timing diagram of an exemplary method for
copy-Iree data migration across filesystems.

DETAILED DESCRIPTION

A clustered network environment 100 that may implement
one or more aspects of the technology described and 1llus-
trated herein 1s shown 1 FIG. 1. The clustered network
environment 100 includes data storage apparatuses 102(1)-
102(7) that are coupled over a cluster fabric 104 facilitating
communication between the data storage apparatuses 102
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(1)-102(») (and one or more modules, components, efc.
therein, such as, node computing devices 106(1)-106(), for
example), although any number of other elements or com-
ponents can also be included in the clustered network
environment 100 1n other examples. This technology pro-
vides a number of advantages including methods, non-
transitory computer readable media, and devices that facili-
tate copy-iree data migration across filesystems in order to
reduce disruption and the time required to transition data.

In this example, node computing devices 106(1)-106(7)
can be primary or local storage controllers or secondary or
remote storage controllers that provide client devices 108
(1)-108(7), with access to data stored within data storage
devices 110(1)-110(»). The data storage apparatuses 102(1)-
102(») and/or node computing device 106(1)-106(72) of the
examples described and 1illustrated herein are not limited to
any particular geographic areas and can be clustered locally
and/or remotely. Thus, 1n one example the data storage
apparatuses 102(1)-102(») and/or node computing device
106(1)-106(») can be distributed over a plurality of storage
systems located 1n a plurality of geographic locations; while
in another example a clustered network can include data
storage apparatuses 102(1)-102(») and/or node computing
device 106(1)-106(7) residing 1n a same geographic location
(e.g., 1n a single onsite rack).

In the illustrated example, one or more of the client
devices 108(1)-108(»2), which may be, for example, personal
computers (PCs), computing devices used for storage (e.g.,
storage servers), and other computers or peripheral devices,
are coupled to the respective data storage apparatuses 102
(1)-102(7) by storage network connections 112(1)-112(n).
Network connections 112(1)-112(7») may include a local area
network (LAN) or wide area network (WAN), for example,
that utilizes Network Attached Storage (NAS) protocols,
such as a Common Internet File System (CIFS) protocol or
a Network File System (NFS) protocol to exchange data
packets, a Storage Area Network (SAN) protocol, such as
Small Computer System Interface (SCSI) or Fiber Channel
Protocol (FCP), an object protocol, such as S3, etc.

Ilustratively, the client devices 108(1)-108(») may be
general-purpose computers running applications, and may
interact with the data storage apparatuses 102(1)-102(7)
using a client/server model for exchange of information.
That 1s, the client devices 108(1)-108(72) may request data
from the data storage apparatuses 102(1)-102(») (e.g., data
on one of the data storage devices 110(1)-110(72) managed
by a network storage control configured to process 1/O
commands 1ssued by the client devices 108(1)-108(7)), and
the data storage apparatuses 102(1)-102(z) may return
results of the request to the client devices 108(1)-108(#») via
the storage network connections 112(1)-112(n).

The node computing devices 106(1)-106(») of the data
storage apparatuses 102(1)-102(») can include network or
host nodes that are interconnected as a cluster to provide
data storage and management services, such as to an enter-
prise having remote locations, cloud storage (e.g., a storage
endpoint may be stored within a data cloud), etc., for
example. Such a node computing device 106(1)-106(72) can
be a device attached to the fabric 104 as a connection point,
redistribution point, or commumcation endpoint, for
example. One or more ol the node computing devices
106(1)-106(») may be capable of sending, receiving, and/or
forwarding information over a network communications
channel, and could comprise any type of device that meets
any or all of these criteria.

In an example, the node computing device 106(1) may be
located on a first storage site and the node computing device
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106(») may be located at a second storage site. The node
computing devices 106(1) and 106(») may be configured
according to a disaster recovery configuration whereby a
surviving node provides switchover access to the storage
devices 110(1)-110(») 1n the event a disaster occurs at a
disaster storage site (e.g., the node computing device 106(1)
provides client device 112(») with switchover data access to
storage devices 110(») 1n the event a disaster occurs at the
second storage site). In other examples, the node computing
device 106(2) can be configured according to an archival
configuration and/or the node computing devices 106(1)-
106(7) can be configured based on another type of replica-
tion arrangement (e.g., to facilitate load sharing). Addition-
ally, while two node computing devices are illustrated 1n
FIG. 1, any number of node computing devices or data
storage apparatuses can be included in other examples 1n
other types of configurations or arrangements.

As 1llustrated 1n the clustered network environment 100,
node computing devices 106(1)-106(») can include various
functional components that coordinate to provide a distrib-
uted storage architecture. For example, the node computing,
devices 106(1)-106(7) can include network modules 114(1)-
114(») and disk modules 116(1)-116(7). Network modules
114(1)-114(») can be configured to allow the node comput-
ing devices 106(1)-106(») (e.g., network storage controllers)
to connect with client devices 108(1)-108(7) over the stor-
age network connections 112(1)-112(»), for example, allow-
ing the client devices 108(1)-108(») to access data stored 1n
the clustered network environment 100.

Further, the network modules 114(1)-114(7) can provide
connections with one or more other components through the
cluster fabric 104. For example, the network module 114(1)
of node computing device 106(1) can access the data storage
device 110(») by sending a request via the cluster fabric 104
through the disk module 116(») of node computing device
106(72). The cluster fabric 104 can include one or more local
and/or wide area computing networks embodied as Infini-
band, Fibre Channel (FC), or FEthernet networks, for
example, although other types of networks supporting other
protocols can also be used.

Disk modules 116(1)-116(72) can be configured to connect
data storage devices 110(1)-110(2), such as disks or arrays
of disks, SSDs, flash memory, or some other form of data

storage, to the node computing devices 106(1)-106().
Often, disk modules 116(1)-116(») communicate with the

data storage devices 110(1)-110(») according to the SAN
protocol, such as SCSI or FCP, for example, although other
protocols can also be used. Thus, as seen from an operating,
system on node computing devices 106(1)-106(»), the data
storage devices 110(1)-110(z) can appear as locally
attached. In this manner, different node computing devices
106(1)-106(»), etc. may access data blocks through the

operating system, rather than expressly requesting abstract
files.

While the clustered network environment 100 illustrates
an equal number of network modules 114(1)-114(2) and disk
modules 116(1)-116(7), other examples may include a dii-
fering number of these modules. For example, there may be
a plurality of network and disk modules interconnected 1n a
cluster that do not have a one-to-one correspondence
between the network and disk modules. That 1s, diferent
node computing devices can have a different number of
network and disk modules, and the same node computing,
device can have a different number of network modules than
disk modules.

Further, one or more of the client devices 108(1)-108(z)
can be networked with the node computing devices 106(1)-

10

15

20

25

30

35

40

45

50

55

60

65

4

106(») 1n the cluster, over the storage connections 112(1)-
112(»). As an example, respective client devices 108(1)-108
(n) that are networked to a cluster may request services (e.g.,
exchanging of information in the form of data packets) of
node computing devices 106(1)-106(») in the cluster, and
the node computing devices 106(1)-106(72) can return results

of the requested services to the client devices 108(1)-108(7).
In one example, the client devices 108(1)-108() can
exchange information with the network modules 114(1)-114
() residing in the node computing devices 106(1)-106(7)
(e.g., network hosts) 1n the data storage apparatuses 102(1)-
102(n).

In one example, the storage apparatuses 102(1)-102(7)
host aggregates corresponding to physical local and remote
data storage devices, such as local flash or disk storage in the
data storage devices 110(1)-110(»), for example. One or
more of the data storage devices 110(1)-110(7) can include
mass storage devices, such as disks of a disk array. The disks
may comprise any type of mass storage devices, including
but not limited to magnetic disk drives, flash memory, and
any other similar media adapted to store information, includ-
ing, for example, data (D) and/or parity (P) information.

The aggregates include volumes 118(1)-118(7) in this
example, although any number of volumes can be included
in the aggregates. The volumes 118(1)-118(7) are virtual
data stores that define an arrangement of storage and one or
more filesystems within the clustered network environment
100. Volumes 118(1)-118(7) can span a portion of a disk or
other storage device, a collection of disks, or portions of
disks, for example, and typically define an overall logical
arrangement of {ile storage. In one example volumes 118
(1)-118(7) can 1nclude stored user data as one or more files
or objects that reside 1n a hierarchical directory structure
within the volumes 118(1)-118(7). Volumes 118(1)-118(x)
are typically configured 1in formats that may be associated
with particular storage systems, and respective volume for-
mats typically comprise features that provide functionality
to the volumes 118(1)-118(1), such as providing an ability
for volumes 118(1)-118(2) to form clusters and perform
deduplication, among other functionality.

In one example, to facilitate access to data stored on the
disks or other structures of the data storage device 110(1)-
110(2), a filesystem may be implemented that logically
organizes the information as a hierarchical structure of
directories and files. In this example, respective files may be
implemented as a set of disk blocks of a particular size that
are configured to store information, whereas directories may
be implemented as specially formatted files 1n which infor-
mation about other files and directories are stored.

Data can be stored as files or objects within a physical
volume and/or a virtual volume, which can be associated
with respective volume identifiers. The physical volumes
correspond to at least a portion of physical storage devices,
such as the data storage devices 110(1)-110(z) (e.g., a
Redundant Array of Independent (or Inexpensive) Disks
(RAID system)) whose address, addressable space, location,
etc. does not change. Typically the location of the physical
volumes does not change in that the range of addresses used
to access 1t generally remains constant.

Virtual volumes, 1n contrast, can be stored over an aggre-
gate of disparate portions of different physical storage
devices. Virtual volumes may be a collection of different
available portions of different physical storage device loca-
tions, such as some available space from disks, for example.
It will be appreciated that since the virtual volumes are not
“tied” to any one particular storage device, virtual volumes
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can be said to include a layer of abstraction or virtualization,
which allows it to be resized and/or tlexible 1n some regards.

Further, virtual volumes can include one or more logical
unit numbers (LUNs), directories, Qftrees, and/or files.
Among other things, these features, but more particularly the
LUNS, allow the disparate memory locations within which
data 1s stored to be i1dentified, for example, and grouped as
data storage unit. As such, the LUNs may be characterized
as constituting a virtual disk or drive upon which data within
the wvirtual volumes 1s stored within an aggregate. For
example, LUNs are often referred to as virtual drives, such
that they emulate a hard drive, while they actually comprise
data blocks stored 1n various parts of a volume.

In one example, the data storage devices 110(1)-110(z)
can have one or more physical ports, wherein each physical
port can be assigned a target address (e.g., SCSI target
address). To represent respective volumes, a target address
on the data storage devices 110(1)-110(72) can be used to
identily one or more of the LUNSs. Thus, for example, when
one of the node computing devices 106(1)-106(72) connects
to a volume, a connection between the one of the node
computing devices 106(1)-106(»2) and one or more of the
LUNSs underlying the volume 1s created.

Respective target addresses can i1dentity multiple of the
LUNSs, such that a target address can represent multiple
volumes. The I/O interface, which can be implemented as
circuitry and/or software in a storage adapter or as execut-
able code residing in memory and executed by a processor,
for example, can connect to volumes by using one or more
addresses that identify the one or more of the LUNS.

Referring to FIG. 2, node computing device 106(1) 1n this
particular example includes processor(s) 200, a memory
202, anetwork adapter 204, a cluster access adapter 206, and
a storage adapter 208 interconnected by a system bus 210.
The node computing device 106 also includes a storage
operating system 212 installed in the memory 206 that can,
for example, implement a RAID data loss protection and
recovery scheme to optimize reconstruction of data of a
tailed disk or drive 1n an array. In some examples, the node
computing device 106(») 1s substantially the same 1n struc-
ture and/or operation as node computing device 106(1),
although the node computing device 106(72) can also include
a different structure and/or operation 1n one or more aspects
than the node computing device 106(1).

The storage operating system 212 can also manage com-
munications for the node computing device 106(1) among,
other devices that may be 1n a clustered network, such as
attached to a cluster fabric 104. Thus, the node computing
device 106(1) can respond to client device requests to
manage data on one of the data storage devices 110(1)-110
() (e.g., or additional clustered devices) in accordance with
the client device requests.

The storage operating system 212 can also establish one
or more filesystems including software code and data struc-
tures that implement a persistent hierarchical namespace of
files and directories, for example. As an example, when a
new data storage device (not shown) 1s added to a clustered
network system, the storage operating system 212 1s
informed where, in an existing directory tree, new files
associated with the new data storage device are to be stored.
This 1s often referred to as “mounting™ a filesystem.

In the example node computing device 106(1), memory
202 can include storage locations that are addressable by the
processor(s) 200 and adapters 204, 206, and 208 for storing,
related software application code and data structures. The
processor(s) 200 and adapters 204, 206, and 208 may, for
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example, include processing elements and/or logic circuitry
configured to execute the software code and manipulate the
data structures.

The storage operating system 212, portions of which are
typically resident 1n the memory 202 and executed by the
processor(s) 200, invokes storage operations 1n support of a
file service implemented by the node computing device
106(1). Other processing and memory mechanisms, includ-
ing various computer readable media, may be used for
storing and/or executing application instructions pertaining,
to the techmiques described and illustrated herein. For
example, the storage operating system 212 can also utilize
one or more control files (not shown) to aid in the provi-
sioning of virtual machines.

In this particular example, the memory 202 further
includes a migration management module 214, although the
functionality provided by the migration management mod-
ule 214 could be carried out by the storage operating system
212 or another module or applications stored 1n the memory
202. The migration management module 214 obtains
istructions to migrate data from a source filesystem (e.g.,
associated with volume 118(1)) to a destination filesystem
(e.g., associated with volume 118(72)), 1n order to facilitate a
filesystem upgrade or other transition, for example. The
instructions can be recetved from a network administrator or
can be automatically generated by the node computing
device 106(1) i order to 1improve or optimize data storage
within the cluster.

In response, the migration management module 214 scans
data structures (e.g., inodes) of the source volume and sends
filesystem metadata contained therein to a destination file-
system. The filesystem metadata includes pointers or refer-
ences to user data hosted by the source filesystem. Subse-
quent to transierring the filesystem metadata stored in the
inodes associated with the source filesystem, ownership of
the source volume 1s transitioned to the destination filesys-
tem or a node computing device hosting the destination
filesystem. Accordingly, the data migration across filesys-
tems 1s facilitated without the user data being copied 1n this
example, as described and illustrated 1n more detail later.

In another example, the migration management module
214 can receive an indication that data 1s being migrated to
a destination filesystem associated with a destination volume
hosted by the node computing device 106(1). In this
example, the migration management module 214 facilitates
receipt of filesystem metadata associated with a source
filesystem and generates filesystem metadata associated
with the destination volume that corresponds with an
addressing scheme or other layout or format of the destina-
tion filesystem, also as described and illustrated 1n more
detail later.

Accordingly, the examples of the technology described
and 1illustrated herein may be embodied as one or more
non-transitory computer readable media having machine or
processor-executable instructions stored thereon for one or
more aspects of the present technology, which when
executed by the processor(s) 200, cause the processor(s) 200
to carry out the steps necessary to implement the methods of
this technology, as described and illustrated with the
examples herein. In some examples, the executable mnstruc-
tions are configured to perform one or more steps of a
method, such as one or more of the exemplary methods
described and 1illustrated later with reference to FIGS. 3-5,
for example.

The network adapter 204 in this example includes the
mechanical, electrical and signaling circuitry needed to
connect the node computing device 106(1) to one or more of
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the client devices 108(1)-108(7) over storage network con-
nections 112(1)-112(7), which may comprise, among other
things, a point-to-point connection or a shared medium, such
as a local area network. In some examples, the network
adapter 204 further communicates (e.g., using TCP/IP) via
the fabric 104 and/or another network (e.g. a WAN) (not
shown) with cloud storage devices to process storage opera-
tions associated with data stored thereon.

The storage adapter 208 cooperates with the storage
operating system 212 executing on the node computing
device 106(1) to access information requested by one of the
client devices 108(1)-108(») (e.g., to access data on a data
storage device 110(1)-110(») managed by a network storage
controller). The information may be stored on any type of
attached array of writeable media such as magnetic disk
drives, tlash memory, and/or any other similar media
adapted to store information.

In the exemplary data storage devices 110(1)-110(z),
information can be stored in data blocks on disks. The
storage adapter 208 can include input/output (1I/0) interface
circuitry that couples to the disks over an I/O 1nterconnect
arrangement, such as a storage area network (SAN) protocol
(c.g., Small Computer System Interface (SCSI), 1SCSI,
hyperSCSI, Fiber Channel Protocol (FCP)). The information
1s retrieved by the storage adapter 208 and, 1f necessary,
processed by the processor(s) 200 (or the storage adapter
208 1tsell) prior to being forwarded over the system bus 210
to the network adapter 204 (and/or the cluster access adapter
206 1if sending to another node computing device in the
cluster) where the information 1s formatted into a data
packet and returned to a requesting one of the client devices
108(1)-108(2) and/or sent to another node computing device
attached via the cluster fabric 104. In some examples, a
storage driver 214 1n the memory 202 interfaces with the
storage adapter to facilitate interactions with the data storage
devices 110(1)-110(z).

Referring to FIG. 3, an exemplary method for facilitating
copy-free migration by the node computing device 106(1)
hosting a source filesystem 1s illustrated. In step 300 1n this
example, the node computing device 106(1) determines
whether a transition of a source filesystem has been 1mitiated.
The transition can be 1nitiated based on mstructions received
manually from a network administrator or generated auto-
matically 1n response to conditions of the node computing
device 106(1) or the associated storage network, for
example. Additionally, the mstructions 1nitiating the transi-
tion can include an indication of a destination filesystem
and/or associated volume, among other information.

In this example, the source filesystem 1s associated with
the volume 118(1) hosted by the node computing device
106(1) and the destination filesystem 1s associated with the
volume 118(#) hosted by the node computing device 106(#),
although the destination filesystem can be hosted by the
node computing device 106(1) or another node computing,
device 1in the storage network 1n other examples. Irrespective
of the node computing device hosting the source and des-
tination volumes, the volumes 118(1) and 118(x) 1n this
example are hosted by the same aggregate, belong to the
same cluster, and share a physical volume block number
(PVBN) namespace that 1s unique across the cluster. The
transition can be of the source filesystem to a new destina-
tion filesystem or to a destination filesystem that i1s an
upgraded version of the source filesystem, for example.

Accordingly, 11 the node computing device 106(1) deter-
mines that a transition of a source filesystem has not been
initiated, then the No branch is taken back to step 300 and
the node computing device 106(1) effectively waits for a
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transition to be mitiated and continues to service requests
received from the client devices 108(1)-108(»). However, 1
the node computing device 106(1) determines 1n step 300
that a transition of a source filesystem has been 1mitiated,
then the Yes branch 1s taken to step 302.

In step 302, the node computing device 106(1) retrieves
a data structure associated with the volume 118(1), which 1s
the source volume associated with the source filesystem in
this example. The data structure 1s retrieved as part of a
scanning process 1 which all of the data structures associ-
ated with the source filesystem are accessed 1 order to
retrieve and send filesystem metadata stored therein. The
filesystem metadata includes one or more pointer(s) or
reference(s) to blocks of user data associated with files or
objects stored on the data storage device 110(1) 1n the
volume 118(1). In this particular example, the data structures
are 1modes, although other types of data structure can be
used, and the filesystem metadata can be stored in other
locations, 1n other examples.

In step 304, the node computing device 106(1) sends a set
of filesystem metadata stored in the retrieved data structure
to the destination filesystem hosted by the node computing
device 106(»). In this example, the filesystem metadata
includes at least a source i1dentifier and a physical location,
which can be a virtual volume block number (VVBN) and
a PVBN, respectively, in one example, although other types
of filesystem metadata can also be retrieved and sent 1n step
304.

The VVBN 1n this example 1s an abstraction utilized by
the volume 118(1) and corresponds to the PVBN, which 1s
a particular physical location on the data storage device
110(1) storing a block of user data. Accordingly, the source
filesystem has a block addressing scheme 1n this example,
although other types of addressing schemes, layouts, and/or
formats can be used in other examples. Additionally, each
inode can have any number of pairs of VVBNs and PVBNs,
associated with various blocks of user data associated with
a file or object, which can be sent 1n step 304.

In step 306, the node computing device 106(1) determines
whether there are more data structure(s) associated with the
source filesystem. If the node computing device 106(1)
determines that there are more data structure(s), then the Yes
branch 1s taken back to step 302 and the node computing
device 106(1) continues scanning the data structures and
sending the filesystem metadata. However, 1 the node
computing device 106(1) determines 1n step 306 that there
are no more data structure(s) associated with the source
filesystem to be scanned, then the No branch 1s taken to step
308.

In step 308, the node computing device 106(1) transitions
ownership of the source volume to the node computing
device 106(») hosting the destination volume 118(7) asso-
ciated with the destination filesystem. The node computing
device 106(1) optionally updates an entry of a database of
the cluster in order to transition the volume 118(1), although
other methods of transitioning the volume 118(1) can also be
used. Accordingly, the node computing device 106(1)
advantageously proceeds with a data migration without
copying any user data, and by sending only filesystem
metadata, 1n order to facilitate transition of the associated
filesystem by node computing device 106(#), as described
and 1llustrated 1n more detail with reference to FIG. 4-5.

Referring more specifically to FIG. 4, a flowchart of an
exemplary method for facilitating copy-free migration by
the node computing device 106(») hosting a destination
filesystem 1s 1llustrated. In step 400 1n this example, the node
computing device 106(n) receirves filesystem metadata
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including at least a source 1dentifier and a physical location.
In this example, the filesystem metadata 1s received from the
node computing device 106(1) hosting the volume 118(1)
associated with the source filesystem, although the filesys-
tem metadata can be received from another location 1n other
examples. The source filesystem utilizes a block addressing
scheme, the source identifier 1s a VVBN, and the physical
location 1s a PVBN 1n this example, although other types of
schemes and file system metadata can also be used.

In step 402, the node computing device 106(7) generates
a destination i1dentifier that 1s consistent with a format of a
destination filesystem. The destination filesystem 1s associ-
ated with the volume 118(») and utilizes an extent-based
addressing scheme or format in this example. However,
other formats could also be used, including a block address-
ing scheme, and the destination volume could also be
located elsewhere 1n the storage network. Accordingly, the
generated destination identifier 1s an extent name in this

example, and the extent name optionally corresponds to the
VVBN and/or 1s dertved therefrom.

In step 404, the node computing device 106(7) optionally
determines whether another set of filesystem metadata from
a same data structure (e.g., mode) was received. In this
particular example, the unit of storage (e.g., a fragment) in
the destination filesystem 1s larger (e.g., 8 kb) than the unait
of storage (e.g., a block) in the source filesystem (e.g., 4 kb),
although other types of units of storage and sizes can be
used, and the units of storage can also be the same size in
other examples.

Since the unit size for user data in the destination file-
system 1s double that of the source filesystem, the destina-
tion filesystem 1n this example determines whether more
than one physical location recerved with filesystem metadata
from a same data structure should be associated with a same
extent name, as described and 1llustrated in steps 410 and
412, for example. In other examples in which the unit size
for user data 1s the same between the source and destination
filesystems, optional steps 404 and 408-412 are not per-
formed, as in the example described and 1llustrated 1n more
detail later with reference to FIG. S.

In some examples, a data structure identifier (e.g., an
inode number), sent along with the filesystem metadata and
received 1n step 400, can be used to determine whether
another set of filesystem metadata was previously received
from a same data structure, although other methods of
determining whether another set of filesystem metadata was
previously received from a same data structure can also be
used. Accordingly, 1n this particular example, 11 the node
computing device 106(») determines 1n step 404 that another
set of filesystem metadata from a same data structure was
not recerved, then the No branch 1s taken to step 406.

In step 406, the node computing device 106(7) generates
a new data structure (e.g., another 1node) associated with the
destination filesystem and stores the generated destination
identifier 1n the newly-generated data structure. The node
computing device 106(x) also stores the physical location
received 1n step 400 at a location (e.g., an entry of an extent
map) that 1s indexed by the generated destination i1dentifier.
Thereby, the physical location 1s referenced by the extent
name 1n the destination filesystem, and a data copy is not
required 1n order to eflectively migrate the associated user
data stored at the physical location to the destination file-
system. However, 11 the node computing device 106(»)
determines in step 404 that another set of filesystem meta-
data was previously received from a same data structure,
then the Yes branch 1s taken to step 408.
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In step 408, the node computing device 106(7) optionally
determines whether the physical locations received with the
multiple sets of filesystem metadata associated with the
same data structure are contiguous. In this particular
example the destination identifiers are sequential and the
node computing device 106(72) can determine the destination
identifier, which was generated upon receiving another set of
fillesystem metadata associated with the same data structure
in a prior iteration, by subtracting or performing another
operation on the destination identifier generated 1n step 402.
Other methods of determining the destination identifier
generated 1n a prior iteration from another set of filesystem
metadata associated with a same data structure can also be
used.

The node computing device 106(») can then use the
determined destination i1dentifier generated in the prior 1tera-
tion as an index to retrieve an entry of the extent map. The
node computing device 106(») then compares the physical
location included therein with the physical location received
in step 400 to determine whether the physical locations are
contiguous. Other methods for determining whether the
physical locations are contiguous can also be used 1n other
examples. If the node computing device 106(2) determines
that the physical locations recerved with the multiple sets of
filesystem metadata associated with the same data structure
are not contiguous, then the No branch 1s taken from step
408 to step 410.

In step 410, the node computing device 106(#») stores the
physical location received 1n step 400 at a location 1n the
extent map indexed by the determined destination 1dentifier
generated 1n the prior iteration. Accordingly, the determined
destination identifier generated in the prior iteration now
corresponds to an entry of the extent map that includes two
physical locations that are not contiguous. In this iteration,
the destination identifier generated in step 402 can be
discarded. Referring back to step 408, 11 the destination node
computing device 106(») determines that the physical loca-
tions received with the multiple sets of filesystem metadata
associated with the same data structure are contiguous, then
the Yes branch 1s taken from to step 412.

In step 412, the node computing device 106(7») inserts or
increments a length at a location indexed by the destination
identifier generated 1n the prior iteration. Accordingly, the
length 1s used to represent the physical location received 1n
step 400 and the destination identifier generated 1n the prior
iteration corresponds to an entry of the extent map that
includes a physical location and a length, which collectively
corresponds to the two physical locations. While the length
1s used 1n step 412 1n this example, the physical location
could also be iserted 1nto the extent map, as described and
illustrated earlier with reference to step 410, even 1n itera-
tions 1 which the physical locations are contiguous. The
destination identifier generated in step 402 can also be
discarded in this iteration.

Subsequent to steps 406, 410, and 412, the node comput-
ing device 106(») proceeds back to step 400 1n this example
and receives any additional filesystem metadata from the
node computing device 106(1). If all of the filesystem
metadata associated with the source filesystem has been
transmitted, then ownership of the source volume 118(1) 1s
transitioned to the node computing device 106(x), as
described and illustrated in more detail earlier with reference
to step 308 of FIG. 3, and node computing device 106()
begins servicing requests for user data using the destination
file system.

Referring more specifically to FIG. §, a timing diagram of
an exemplary method for copy-iree data migration across
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filesystems 1s illustrated. In step 500 1n this example, the
node computing device 106(1) begins a scan ol a source
filesystem to access a data structure (e.g., an ode) and
retrieve and send filesystem metadata stored in the data
structure to the node computing device 106(») hosting a
destination filesystem. The filesystem metadata includes a
source 1dentifier (e.g., a VVBN) and a physical location
(e.g., a PVBN), which is a reference to a unit (e.g., a block)
of user data hosted by a source volume associated with the
source filesystem and stored on a data storage device.

In step 502, the node computing device 106(7) generates
a destination identifier based on the source identifier. The
destination 1dentifier 1s consistent with a format of the
destination filesystem. For example, if the destination file-
system utilizes an extent-based addressing scheme, the des-
tination 1dentifier can be an extent name. The extent name
can correspond to the source identifier and, in some
examples, the source identifier can be derived from the
destination identifier (e.g., by applying a hash or other
function).

In step 504, the node computing device 106(7) generates
a new data structure (e.g., an 1node) that 1s associated with
the destination filesystem and stores at least the destination
identifier in the data structure. The node computing device
106(7) also stores the physical location, such as an entry of
an extent map that 1s indexed by the destination 1dentifier,
for example, although the physical location can be stored
clsewhere including in the new data structure.

In this example, the storage unit size 1s the same as
utilized by the source filesystem and the destination filesys-
tem. Accordingly, each entry inserted into the extent map
will include one physical location and each extent name will
correlate with one physical location stored 1n an entry of the
extent map indexed by the extent name. In other examples,
the storage unit size can be smaller or larger as utilized by
the destination filesystem, and the node computing device
106(»2) can adjust the generation of data structures and
source 1dentifiers, and the storage of the source identifiers
and the physical locations, accordingly.

In step 506, the node computing device 106(1) determines
whether there 1s at least one additional data structure to be
scanned that 1s associated with the source filesystem. It the
node computing device 106(1) determines that there 1s at
least one additional data structure to be scanned, then the Yes
branch 1s taken back to step 500 and the node computing
device 106(1) again accesses the data structure and sends the
associated filesystem metadata to the node computing device
106(7), as described and illustrated in more detail earlier.
However, if the node computing device 106(1) determines 1n
step 306 that there 1s not at least one additional data structure
to be scanned, then the No branch i1s taken to step 508.

In step 508, the node computing device 106(1) transitions
ownership of the source volume to the node computing
device 106(»). Accordingly, the user data associated with the
source filesystem hosted by the source volume 1s migrated 1n
this example without making any copies. Subsequent to the
transition, the node computing device 106(1) can cease
servicing requests from the client device 108(1)-108(#) for
the user data and the node computing device 106(7) can
begin servicing requests from the client devices 108(1)-108
(n) for the user data. Accordingly, the client devices 108(1)-
108(72) will not experience any disruption.

By copying only filesystem metadata including pointers
or references to user data stored on data storage devices, this
technology facilitates relatively eflicient filesystem upgrades
and transitions. With this technology, data can be more
clliciently migrated across filesystems without being copied,
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in reduced time, and without causing disruptions to appli-
cations. Moreover, storage efliciencies (e.g., deduplication,
compression, and cloning) are advantageously preserved
during a filesystem upgrade or transition.

With respect to deduplication by way of example only, a
second block with the same content can point to a first block
in an extent-based destination filesystem when a migration
1s 1mtiated with respect to a data structure 1n a block-based
source filesystem, that has filesystem metadata identifying
an additional reference for the first blocks with the same
content as the second block. Other types and number of
filesystem metadata associated with other storage eflicien-
cies can be preserved in other examples.

Having thus described the basic concept of the invention,
it will be rather apparent to those skilled 1n the art that the
foregoing detailed disclosure 1s intended to be presented by
way of example only, and 1s not limiting. Various alterations,
improvements, and modifications will occur and are
intended to those skilled 1n the art, though not expressly
stated herein. These alterations, improvements, and modifi-
cations are intended to be suggested hereby, and are within
the spirit and scope of the mnvention. Additionally, the recited
order of processing elements or sequences, or the use of
numbers, letters, or other designations therefore, 1s not
intended to limit the claimed processes to any order except
as may be specified 1n the claims. Accordingly, the invention
1s limited only by the following claims and equivalents
thereto.

What 1s claimed 1s:

1. A method, comprising:

recerving, by a computing device, a {irst set of filesystem

metadata associated with a first filesystem having a first
addressing scheme, wherein the first set of filesystem
metadata 1s retrieved from a first data structure asso-
ciated with the first filesystem and comprises a {first
identifier and a physical location associated with user
data;

generating, by the computing device, a second identifier

from the first identifier, wherein the second identifier 1s
consistent with a second addressing scheme of a second
filesystem that 1s a different type of addressing scheme
than the first addressing scheme; and

storing, by the computing device, a second set of filesys-

tem metadata comprising the second identifier and the
physical location, wherein the second identifier 1s
stored 1 a second data structure associated with the
second filesystem.

2. The method of claim 1, wherein the first addressing
scheme comprises a block addressing scheme and the sec-
ond addressing scheme comprises an extent-based address-
ing scheme.

3. The method of claim 1, further comprising storing, by
the computing device, the physical location 1n an entry of an
extent map associated with the second filesystem, wherein
the second 1dentifier 1s an index to the entry of the extent
map comprising the physical location.

4. The method of claim 3, further comprising determining,
by the computing device, when another physical location
included 1n a received third set of filesystem metadata 1s
contiguous with the physical location, when the third set of
metadata 1s associated with the first data structure.

5. The method of claim 4, further comprising increment-
ing, by the computing device, a length 1n the entry of the
extent map, when the determining indicates that the other
physical location 1s contiguous with the physical location.

6. The method of claim 4, further comprising 1inserting, by
the computing device, the other physical location 1n the
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entry of the extent map, when the determining indicates that
the other physical location 1s not contiguous with the physi-
cal location.
7. A computing device, comprising:
a memory containing machine readable medium compris-
ing machine executable code having stored thereon
instructions for copy-iree data migrations across file-
systems; and
a processor coupled to the memory, the processor con-
figured to execute the machine executable code to
cause the processor to:
receive a lirst set of filesystem metadata associated with
a first filesystem having a first addressing scheme,
wherein the first set of filesystem metadata 1is
retrieved from a first data structure associated with
the first filesystem and comprises a first identifier and
a physical location associated with user data;

generate a second identifier from the first i1dentifier
wherein the second identifier 1s consistent with a
second addressing scheme of a second filesystem
that 1s a different type of addressing scheme than the
first addressing scheme; and

store a second set of filesystem metadata comprising
the second identifier and the physical location,
wherein the second identifier 1s stored 1n a second
data structure associated with the second filesystem.

8. The computing device of claim 7, wheremn the first
addressing scheme comprises a block addressing scheme
and the second addressing scheme comprises an extent-
based addressing scheme.

9. The computing device of claim 7, wherein the proces-
sor 1s further configured to execute the machine executable
code to further cause the processor to store the physical
location 1n an entry of an extent map associated with the
second filesystem, wherein the second identifier 1s an index
to the entry of the extent map comprising the physical
location.

10. The computing device of claam 9, wherein the
machine executable code to further cause the processor to
determine when another physical location included 1n a
received third set of filesystem metadata 1s contiguous with
the physical location, when the third set of metadata 1s
associated with the first data structure.

11. The computing device of claim 10, wherein the
processor 1s further configured to execute the machine
executable code to further cause the processor to increment
a length 1n the entry of the extent map, when the determining
indicates that the other physical location 1s contiguous with
the physical location.

12. The computing device of claim 11, wherein the
processor 1s further configured to execute the machine
executable code to further cause the processor to mnsert the
other physical location 1n the entry of the extent map, when

10

15

20

25

30

35

40

45

50

14

the determining indicates that the other physical location 1s
not contiguous with the physical location.

13. A non-transitory machine readable medium having
stored thereon instructions for copy-ifree data migrations
across filesystems comprising machine executable code
which when executed by at least one machine causes the
machine to:

recerve a first set of filesystem metadata associated with

a first filesystem having a first addressing scheme,

wherein the first set of filesystem metadata is retrieved
from a first data structure associated with the first
filesystem and comprises a first identifier and a physical
location associated with user data;

generate a second identifier from the first identifier,

wherein the second i1dentifier 1s consistent with a sec-
ond addressing scheme of a second filesystem that 1s a
different type of addressing scheme than the {first
addressing scheme; and

store a second set of filesystem metadata comprising the

second 1dentifier and the physical location, wherein the
second 1dentifier 1s stored in a second data structure
associated with the second filesystem.

14. The non-transitory machine readable medium of claim
13, wherein the first addressing scheme comprises a block
addressing scheme and the second addressing scheme com-
prises an extent-based addressing scheme.

15. The non-transitory machine readable medium of claim
13, wherein the machine executable code when executed by
the machine further causes the machine to store the physical
location 1n an entry of an extent map associated with the
second filesystem, wherein the second 1dentifier 1s an mndex
to the entry of the extent map comprising the physical
location.

16. The non-transitory machine readable medium of claim
15, wherein the machine executable code when executed by
the machine further causes the machine to determine when
another physical location included 1n a received third set of
filesystem metadata 1s contiguous with the physical location,
when the third set of metadata 1s associated with the first
data structure.

17. The non-transitory machine readable medium of claim
16, wherein the machine executable code when executed by
the machine further causes the machine to increment a
length 1n the entry of the extent map, when the determining
indicates that the other physical location 1s contiguous with
the physical location.

18. The non-transitory machine readable medium of claim
16, wherein the machine executable code when executed by
the machine further causes the machine to isert the other
physical location 1n the entry of the extent map, when the
determining indicates that the other physical location 1s not

contiguous with the physical location.
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